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ABATRACT 
Contaminated water is increasingly linked to diseases worldwide, necessitating the safety evaluation 
of the sources of domestic and drinking water in every locality. The present study aimed to assess 
water safety in terms of lead (Pb), nickel (Ni), cadmium (Cd), copper (Cu), chromium (Cr), zinc (Zn), 
and microorganisms in the borehole and well water in Iwaya, Makoko, and Ilaje in Lagos, Nigeria. 
Water samples were subjected to atomic absorption spectroscopy (AAS) and microbiological 
examinations using standard protocols and compared with the World Health Organization (WHO) 
permissible limits. The average daily ingestion (ADI) and hazard quotient (HQ) of the selected heavy 
metals were also calculated using standard formulas. The AAS indicated that the borehole and well 
water of the three locations contained non-permissible levels of Pb, Ni, and Cd (only the well water 
in Ilaje), while Zn, Cu, and Cr were normal. In addition, the microbiological examinations showed 
that the borehole and well water of the three locations contained abnormal bacteria and coliform 
counts (well water only). The ADI and HQ of the selected heavy metals were less than one, which is 
the threshold at which a substance is considered safe for consumption. Water could pose some health 
risks, and the consumers in high-risk areas should consider water treatment before consumption.  
Keywords: Average Daily Ingestion, Bacteria, Boreholes, Hazard Quotient, Lead
Introduction 
Water is the most important source of life 
on earth. The availability of safe drinking 
water is a basic human right, as well as an 
index of healthy living.1 However, water is 
increasingly contaminated worldwide, 
accounting for over 1.8 million deaths yearly.2 
Children are most frequently affected by 
contaminated water, and a minimum of 
525,000 children worldwide die every year due 
to diarrheal illnesses, most of which are caused 
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by contaminated water and poor sanitation and 
personal hygiene.1, 3 Some of the main causes 
of high water contamination are urbanization, 
industrialization, population growth, poor 
technologies, wars, and climate change.1 
Heavy metals are among notable water 
contaminants, which are generally toxic metals 
with a specific density (>5 g/cm3).4 Heavy 
metals of public health concern regarding 
water contamination include arsenic (As), 
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chromium (Cr), zin  c (Zn), copper (Cu), and 
lead (Pb).5 The main sources of these metals in 
water are soil erosion, weathering, mining, 
industrial wastewaters, urban runoff, sewage 
discharge, municipal wastes, and 
agrochemicals.6 Heavy metals generate 
reactive oxygen species in living organisms, 
thereby causing oxidative damage.5 
Microorganisms are another group of water 
contaminants of public health concern. 
Overall, 500 waterborne microorganisms have 
been identified, which are classified as viral, 
bacterial, parasitic protozoan, and fungal 
pathogens.7 The most common sources of 
exposure to microbes in water are human and 
animal excreta.8 Microorganisms invade the 
cells and compromise the immune system or 
release toxins.9 Notably, some of the 
microorganisms and heavy metals mentioned 
earlier (particularly Cu, Ni, Cr, and Zn) are 
found naturally in minute quantities in 
biological systems and are essential to the 
normal function of the body,10, 11 and they 
become harmful only at high doses or due to 
environmental factors,11 such as contaminated 
water. Therefore, the constant monitoring of 
the levels of these heavy metals and 
microorganisms in various water sources in 
every locality is critical for disease prevention. 
Groundwater is a major source of water 
supply, which could be found in form of 
borehole and well water. At the minimum, 
groundwater accounts for 50% of the water 
supplies worldwide.12 In Lagos, which is 
located in the southwest of Nigeria, 
groundwater is the primary source of water for 
drinking and domestic purposes13 due to the 
inadequacy of pipe-borne water in some 
regions of the state, similar to many other 
developing countries. Considering the 
cosmopolitan nature of this state, the periodic 
monitoring of groundwater is essential to the 
prevention of diseases and disease outbreaks 
through the groundwater supply. 
To the best of our knowledge, a monitoring 
study with the mentioned objectives has not 
been carried out in Iwaya, Makoko, and Ilaje, 
which are among the densely populated areas 
of Lagos. The few studies conducted in some 
localities close to these three areas have only 
evaluated some selected heavy metals without 
determining the health hazards and risks of the 
daily consumption of the contaminated water. 
Additionally, most of the studies in this regard 
have not considered the microbial contents of 
water, and none have combined heavy metal 
and microbial assessment. The present study 
aimed to determine the levels and safety status 
of selected heavy metals and microorganisms 
in the borehole and well water in Iwaya, 
Makoko, and Ilaje. The findings could help 
determine the suitability of borehole and well 
water in these areas for drinking.  
 
Materials and Methods 
Description of the study areas 
This study was carried out in Ilaje, Iwaya, 
and Makoko areas in Lagos, located in the 
southwest of Nigeria (Fig. 1). Lagos is the 
capital of Lagos State with the latitudes of 
6°37ʹN and 6°70ʹN and longitudes of 2°70ʹE 
and 4°35ʹE.14 It covers an area of 
approximately 3,577 square kilometers, of 
which land constitutes 2,798 square kilometers 
and water covers 779 square kilometers.14 
Lagos is bordered by the Republic of Benin on 
the west, Ogun State on the east and north, and 
the Atlantic Ocean on the south.14 Lagos is 
among the most populated and rapidly-
growing cities in the world.15 The city is the 
economic hub of Nigeria and most 
industrialized area in the country, responsible 
for large-scaled waste generations in the city. 
The state is characterized by tropical 
vegetation with many water bodies (e.g., 
lagoons, rivers, and creeks), a mainly humid 
climate, and a short dry season. 
Among the notable places in Lagos are Ilaje 
in Shomolu local government and Makoko and 
Iwaya in Yaba local government. Shomolu is 
in the north of Lagos and characterized by 
overcrowding, poor housing, and inadequate 
sanitation. Most of the residents are artisans 
and particularly known for printing works. 
Yaba is in Lagos Mainland and has several 
educational institutions, the most notable of 
which are the Queen's College, the Nigerian 
Institute of Medical Research, the Yaba 
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College of Technology, and the University of 
Lagos. Apart from the presence of heavy 
artisan works and small-scaled industries, 
Yaba is home to Tejuosho Market which is one 
of the prominent markets in Lagos. Overall, 
numerous an  thropogenic activities take place 
in these areas with potential environmental 
effects, particularly on drinking and domestic 




                           Fig. 1. Location map of study areas (ArcGIS 10.3 software) 
 
Water sample collection and preparation 
In total, 20 samples of borehole water and 
20 samples of well water were collected 
randomly from Ilaje, Maroko, and Iwaya 
during February-June 2020 and placed in 
clean, pre-sterilized plastic containers. The 
samples were covered tightly and moved to the 
laboratory where they were stored in 
desiccators before heavy metal and 
microbiological analyses.  
 
Heavy metal analysis 
The water samples were digested and 
analyzed for heavy metals using the method 
proposed by Yahaya et al.16 One milliliter of 
each of the test substances was transferred to a 
pre-washed 100-milliliter beaker containing 
analytical grade, 25 milliliters of aqua regia 
mixture (70% HNO3 and HCl ratio: 3:1), and 
five milliliters of 30% H2O2. The mixture was 
digested in a digestion vessel at the 
temperature of 80 °C until obtaining a 
homogenous solution. Afterward, the solution 
was cooled, filtered through a Whatman No. 
42 filter paper into a 50-milliliter volumetric 
flask, and diluted to the mark with deionized 
water. The filtrate was subjected to atomic 
absorption spectroscopy using a 
spectrophotometer (UNICAM, model: 969) to 
determine the concentrations of Cu, Pb, Cd, 
Cr, Ni, and Zn. 
 
Microbial analysis 
The total bacterial counts were estimated 
using the membrane filtration technique as 
described by Brock.17 To this end, 100 mL of 
each water sample was filtered through a 
sterile cellulose filter, and the filter was placed 
on a nutrient agar plate and incubated for 24 h 
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colonies formed on  the plate were estimated 
using a colony counter, and the membrane 
filtration technique was also used to estimate 
the coliform count. In addition, the two-step 
enrichment method was used for microbial 
growth.18 Following that, the filters containing 
the bacteria were placed on an absorbent pad 
saturated with lauryl tryptose broth, incubated 
at the temperature of 35 °C for 2 h, transferred 
to an absorbent pad saturated with M-Endo 
media, and incubated for 22 h at the 
temperature of 35 °C. Sheen colonies were also 
observed and estimated by a colony counter.  
 
Quality control  
The background contamination of the 
samples was evaluated to ensure the accuracy 
of the data. The blank samples were analyzed 
after five samples, and the analyses were 
performed in triplicate. The precision and 
accuracy of the analyzed heavy metals were 
assessed against standard reference materials 
for each element.  
 
Health risk assessment of the heavy metals 
The health risk of the selected heavy metals 
in the borehole and well water samples was 
calculated based on the average daily ingestion 
(ADI) (Eq. (1)) and hazard quotient (HQ) (Eq. 
(2)) of the heavy metals.19  
 
𝐴𝐷𝐼 =  
𝐶𝑥 ×  𝐼𝑟 ×  𝐸𝑓 ×  𝐸𝑑
𝐵𝑤𝑡 ×  𝐴𝑡
 (1) 
 
In Eq. (1), ADI shows the average daily 
ingestion per kilogram of the body weight, Cx 
is the concentration of the heavy metals in 
water, Ir represents the ingestion rate per unit 
time, Ef is the exposure frequency, Ed shows 
the exposure duration (equal to the life 
expectancy of a Nigerian resident), Bwt 
denotes the body weight, and At is the average 
time (Ed x Ef). The standard values and units 
for these parameters are presented in Table 1.20  
 





In Eq. (2), HQ represents the hazard 
quotient, and RFD shows the oral reference 
dose (mg/L/day) of the selected heavy metals 






Table 2. Oral reference doses (RFD) for Pb, Ni, Cd, Cr, 
Zn, and Cu in water 









Descriptive statistics were used to 
summarize the collected data from the 
sampling sites, which were expressed as mean 
and standard deviation (SD). The graphs were 
drawn using the Minitab software version 7.0. 
 
Results and Discussion 
Levels of the selected heavy metals in the 
water samples  
Tables 3 and 4 show the levels of Pb, Ni, 
Cd, Cr, Zn, and Cu in the samples of borehole 
and well water obtained from Iwaya, Makoko, 
and Ilaje. In the borehole samples, Pb and Ni 
concentrations were above the permissible 
limits of the World Health Organization 
(WHO) in all the locations, while Cd 
concentration was only abnormal in Iwaya and 
Makoko, and the concentrations of Cr, Zn, and 
Cu were normal in all the locations (Table 3). 
In the well water samples, the levels of Pb, Ni, 
and Cd were above the recommended limits in 
the three locations, while the Cr, Zn, and Cu 
concentrations were within the permissible 
limits (Table 4). These findings are consistent 
Exposure factors Units Values 
Concentration of metals in 
water (Cw) 
mg/L - 
Exposure frequency (Ef) Days/year 365 
Ingestion rate (Ir) L/day 2 
Exposure duration (Ed) Years 55 
Average body weight (Bwt) Kg 65 
237 
Table 1. Standard values for calculating average 
daily ingestion of heavy metals 
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with the results obtained by Ehi-Eromosele 
and Okiei22 and Chika and Prince23 who 
detected abnormal quantities of Pb, Ni, and Cd 
in the groundwater of some parts of Lagos. 
Furthermore, the mentioned findings are in 
line with the studies by Adelekan et al.24 and 
Afolabi et al.12 which indicated the permissible 
levels of Cu, Zn, and Cr in the groundwater of 
Lagos Central and Oworonshoki (Nigeria). 
Therefore, it could be inferred that the various 
types of heavy metals in the drinking water 
sources across the city are uniform. However, 
these heavy metals were detected at higher 
levels in the present study compared to the 
aforementioned studies. Anthropogenic 
activities, population density, and sanitary 
conditions vary across the state, which might 
have influenced the uneven distribution of the 
heavy metals. Specifically, the residents of 
Iwaya, Ilaje, and Makoko areas of Lagos State 
have lower income and lower education levels 
compared with the residents of locations 
considered in the previous studies. In this 
regard, this could have affected their 
environmental awareness. In a study to 
compare the level of drinking water pollution 
between two areas in Lagos, the more 
populated area was reported to have higher 
levels of heavy metals.12 In the same vein, 
Iwaya,    Ilaja,    and    Makoko    are    heavily
 populated an  d crowded, and this could 
contribute to the high level of water 
contamination in these areas.  
The abnormal concentrations of Pb, Ni, and 
Cd in the present study suggested that both the  
borehole and well water could pose health 
risks to the consumers in the areas if not 
treated. The abnormal concentrations of Pb 
may also cause blood pressure, vitamin D and 
calcium metabolism imbalance, neurological 
disorders, and multi-organ damage.13 Long-
term exposure to Cd could cause kidney 
damage, lung cancer, hypertension, and bone 
diseases.13 Ni exposure has been reported to  
cause cardiovascular and renal disorders, as 
well as lung and nasal cancer.25 Although Cu, 
Zn, and Cr were within the permissible limits 
in the water samples of the current research, 
they may however, bio accumulate to toxic 
levels in the body and give rise to various 
health issues. Long-term exposure to 
hexavalent Cr may also induce cancer 26 and 
Cu exposure could lead to gastrointestinal 
disorders and liver damage.27 Zinc exposure 
has been shown to promote apoptosis in the 
brain.28 The noticeable sources of heavy 
metals in the studied locations of the present 
study were brimmed with the leaching of 
artisans’ workshops, dumpsites, and sewage of 
homes and small-scaled industries. 
 
Table 3. Levels of selected heavy metals in borehole water in Iwaya, Makoko, and Ilaja  
Location Pb Ni Cd Cr Zn Cu 
Iwaya 0.25± 0.006 0.11±0.015 ND 0.01±0.00 2.12±0.004 0.55±0.0012 
Makoko 0.21±0.006 0.13±0.010 ND 0.02±0.006 2.30±0.015 0.48±0.020 
Ilaje 0.27±0.006 0.20±0.006 0.02±0.006 0.02±0.00 2.31±0.001 0.57±0.010 
WHO Limit29 ≤0.01 ≤ 0.02 ≤ 0.02 ≤0.05 ≤5.00 ≤5.00 
Values expressed as mean ± SD and mg/L; ND: not detected; WHO: World Health Organization 
 
Table 4. Levels of selected heavy metals in well water in Iwaya, Makoko, and Ilaja  
Location Pb Ni Cd Cr Zn Cu 
Iwaya 0.25± 0.006    0.13±0.015 0.02±0.006      0.02±0.006 2.53±0.017 0.55±0.0025 
Makoko 0.31±0.015 0.21±0.006 0.02±0.006      0.02±0.006 2.54±0.006 0.48±0.015 
Ilaje 0.37±0.006 0.17±0.006 ND 0.03±0.010 2.50±0.015 0.57±0.006 
WHO 
Limit29 
≤0.01 ≤ 0.02 ≤ 0.03 ≤0.05 ≤5.00 ≤1.00 
Values expressed as mean ± SD and mg/L; ND: not detected; WHO: World Health Organization 
 
Health risk of the selected heavy metals in 
water 
According to the information in Tables 5 
and 6, the ADI of Pb, Ni, Cd, Cr, Zn, and Cu 
by the residents of Iwaya, Makoko, and Ilaje in 
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respective recommen  ded daily intake (RDI). 
As depicted in figures 2 and 3, the HQ of the 
heavy metals in the borehole and well water 
samples in the three locations were less than 
one, suggesting that the water may not cause 
severe health effects on the residents with an 
average life expectancy (55 years) in Nigeria. 
As for the residents that live beyond 55 years, 
the risk may become increasingly significant 
with age. This finding is consistent with the 
study by Adeniyi et al.30 which indicated that 
the HQ of selected heavy metals in well and 
borehole water in an area in Lagos was less 
than one. In addition, Ukah et al.31 reported no 
health risks in terms of selected heavy metal 
concentrations in approximately 76% of well 
and borehole water evaluated in some regions 
of Lagos. However, the results were 
inconsistent with the findings of Sogbanmu et 
al.32 who reported the HQ of more than one for 
some heavy metals in borehole and well water 
in Ibeju-Lekki in Lagos.  
 
Table 5. Average daily ingestion of heavy metals per person in borehole water in Iwaya, Makoko, and Ilaje 
Location Pb Ni Cd Cr Zn Cu 
Iwaya 0.008 0.0034 ND 0.0003 0.065 0.009 
Makoko 0.006 0.006 ND 0.0006 0.071 0.007 
Ilaje 0.008 0.004 0.0006 0.0006 0.071 0.011 
RDI33 0.21 0.500 0.06 0.20 - 0.900 
Values expressed as mg/day; ND: not detected; RDI: recommended daily intake 
 
Table 6. Average daily ingestion of heavy metals per person in well water in Iwaya, Makoko, and Ilaje  
Location Pb Ni Cd Cr Zn Cu 
Iwaya 0.0076        0.004           0.00062          0.00062        0.078               0.017 
Makoko 0.0095        0.0065          0.0012            0.0006         0.078               0.015 
Ilaje 0.011           0.005              ND 0.0009           0.077                    0.018 
RDI33 0.21              0.500               0.06               0.20                                 0.900 
Values expressed as mg/day; ND: not detected; RDI: recommended daily intake 
Fig. 2. Hazard quotient of heavy metals via ingestion 
of borehole water 
 
 
Fig. 3. Hazard quotient of heavy metals via ingestion of 
well water 
As stated earlier, the observed differences 
in the mentioned studies with the present study 
may be due to the variations in the nature of 
anthropogenic activities, sanitary conditions, 
and population density of various areas. As 
reported by Sogbanmu et al.32 the HQ of some 
heavy metals in the drinking water of Ibeju-
Lekki is more than one; as Ibeju-Lekki is a 
metropolitan in Lagos, and this finding is 
considered to be significant. 
 
Microbial content of the water 
Tables 7 and 8 show the bacterial and 
coliform counts in the borehole and well water 
samples collected from Iwaya, Makoko, and 
Ilaje. Accordingly, the borehole water samples 
of the three locations had abnormal bacterial 
counts, while coliforms were not detected 
(Table 7). Iwaya and Ilaje jointly had the 
highest bacterial count (12,000 CFU/mL), 
while Makoko had the lowest bacterial count 
(140 CFU/mL). In the well water samples of 
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counts were above the permissible limits 
(Table 8). Iwaya had the highest bacterial 
count (20,000 CFU/mL), followed by Makoko 
(18,000 CFU/mL) and Ilaje (12,000 CFU/mL). 
The coliform counts were highest in the well 
water samples collected from Ilaje (12 
CFU/mL), followed by Makoko (11 CFU/mL) 
and Iwaya (10 CFU/mL). Therefore, it was 
concluded that the borehole and well water of 
the studied areas may not be suitable for 
drinking unless treated.  
Several bacterial species produce nutrients, 
digest food, and boost the immune function.34 
On the other hand, some waterborne bacteria 
may cause diseases such as cholera, diarrhea, 
typhoid fever, and dysentery.2 The presence of 
coliforms in the well water samples of the three 
locations indicated that the water was 
contaminated by environmental pollutants,24 
particularly fecal matters. Most coliforms are 
harmless, while certain strains of Escherichia 
coli 0157:H7, which are the most common 
fecal coliforms often found in animal feces and 
may cause diseases, especially diarrhea.35 In 
previous studies, Egwari and Aboaba36 and 
Adenekan and Ogunde24 have also detected E. 
coli and enteric bacteria in several wells, 
boreholes, and lagoons in Lagos. However, 
total bacteria were detected at significantly 
higher counts in the present study compared to 
the other findings in this regard. Apart from 
sanitary conditions and anthropogenic 
activities that may vary across the state, 
seasonal variations might be an important 
factor involved in this issue. The current 
research was carried out in the wet season, and 
Egwari and Aboaba36 have claimed that such a 
climate may favor the growth and sinking of 
microorganisms into the groundwater. The 
samples of the well water in the present study 
were generally more contaminated compared 
to the boreholes possibly because boreholes 
are deeper than wells. In the study conducted 
by Egwari and Aboaba,36 shallow wells were 
reported to be more contaminated than deep 
wells. Notably, the probable sources of 
microbial contaminants in the water of the 
three locations in our study are the wastewaters 
discharged from homes, small-scaled 
industries, municipal  wastes, and 
indiscriminate siting of wells and boreholes.  
 
Table 7. Bacterial and coliform counts of borehole water 
in Iwaya, Makoko, and Ilaje  
Location Bacteria count Coliform count 
Iwaya   12000±1000                                             ND 
Makoko 140.00±10                                                 ND 
Ilaje 12000±700                                                ND 
WHO Limit37             ≤100 CFU/mL  0 CFU/100 mL 
Values expressed as mean ± SD and CFU/mL; ND: not 
detected; WHO: World Health Organization 
 
Table 8. Bacterial and coliform counts of well water in 
Iwaya, Makoko, and Ilaje 
Location Bacteria count Coliform count 
Iwaya 20000±8000 10.00±2.00 
Makoko 18000±9000 11.00±1.00 
Ilaje 12000±580 12.00±2.00 
WHO 
Limit37 
≤100  CFU/mL 0 CFU/100 mL 
Values expressed as mean ± SD and CFU/mL; ND: not 
detected; WHO: World Health Organization 
 
Recommendations  
Based on the findings of the present study, 
the following suggestions are proposed:  
• Residents are advised to practice personal 
hygiene.  
• Residents should consider water treatment 
before consumption. 
• Indiscriminate siting of boreholes and 
wells should be avoided. 
• There is an urgent need for efficient waste 
management and environmental sanitation 
in the areas. 
• There is an urgent need for public 
enlightenment in the areas regarding the 
health consequences of drinking 
contaminated water. 
 
Limitations of the study 
The present study had a few limitations: 
• Due to financial constraint, we could not 
assess all heavy metals and other toxic 
chemicals, which could be found in high 
concentrations in the water. 
• Due to financial constraint, we could not 
cover all waterborne pathogens.  
 
Conclusion  
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well water in Iwaya, Makoko, and Ilaje 
contained abnormal l  evels of Pb, Ni, and Cd, 
as well as permissible levels of Cu, Zn, and Cr. 
The ADI and HQ of the selected heavy metals 
in the three locations were less than one, which 
is the threshold at which a substance may be 
considered safe for consumption. Therefore, 
the selected heavy metals may not pose a 
significant health threat to the residents that 
live within the life expectancy of Nigeria (55 
years). However, abnormal bacterial and 
coliform counts (well water only) were 
detected in the water, which indicated that the 
water may require proper treatment before it is 
considered safe for consumption.  
 
Conflicts of interest 





1. Center for Disease Control. Global WASH 
Health Burden. 2017. Available at 
https://www.cdc.gov/healthywater/global/heal
thburden.html#one.  
2. Philip J Landrigan, Richard Fuller, Nereus J R 
Acosta, Olusoji Adeyi, Robert Arnold, Niladri 
(Nil) Basu, et al. The Lancet Commission on 
pollution and health. Lancet Comm 2017; 391 
(10119) (2018): 462-512. 10.1016/S0140-
6736(17)32345-0. 
3. World Health Organization. Diarrheal disease. 
2017. Available at https://www.who.int/news-
room/fact-sheets/detail/diarrhoeal-disease.  
4. Järup L. Hazards of heavy metal 
contamination. Br Med Bull 2003; 68: 167-82.  
5. Rehman K, Fatima F, Waheed I, Akash MSH. 
Prevalence of exposure of heavy metals and 
their impact on health consequences. J Cell 
Biochem 2018; 119(1): 157-84.  
6. Morais S, Costa FG, Pereira ML. Heavy metals 
and human health. Environmental Health- 
Emerging Issues and Practice, Jacques 
Oosthuizen (Ed), IntechOpen, Chapter 10, pp 
2-23. 2012. DOI: 10.5772/29869 
7. Ashbolt NJ. Microbial Contamination of 
Drinking Water and Human Health from 
Community Water Systems. Curr Environ 
Health Rep 2015; 2(1), 95–106. 
 https://doi.org/10.1007/s40572-014-0037-5. 
8. World Health Organization. Guidelines for 
Drinking-Water Quality: Fourth Edition 
Incorporating the First Addendum. World 
Health Organization, Geneva, Switzerland, 
2017. Available at 
https://www.who.int/publications/i/item/9789
241549950. 
9. Alberts B, Johnson A, Lewis J, Raff M, 
Roberts K, Walter P. Molecular Biology of the 
Cell. 4th edition. New York: Garland Science; 
2002. Cell Biology of Infection. Available at 
https://www.ncbi.nlm.nih.gov/books/NBK268
33/. 
10. Da Silva GJ, Domingues S. We Are Never 
Alone: Living with the Human Microbiota. 
Front Young Minds 2017; 5: 35. doi: 
10.3389/frym.2017.00035. 
11. Engwa GA, Ferdinand PU, Nwalo FN, 
Unachukwu MN. Mechanism and health 
effects of heavy metal toxicity in humans. 
Poisoning in the Modern World - New Tricks 
for an Old Dog?, Ozgur Karcioglu and Banu 
Arslan, IntechOpen, 2019. DOI: 
10.5772/intechopen.82511. 
12. Afolabi TA, Ogbuneke CC, Ogunkunle OA, 
Bamiro FO. Comparative assessment of the 
potable quality of water from industrial, urban 
and rural parts of Lagos, Nigeria. Ife J Sci 
2012; 14(2): 221-32. 
13. Popoola LT, Yusuff AS, Aderibigbe TA. 
Assessment of natural groundwater physico-
chemical properties in major industrial and 
residential locations of Lagos metropolis. Appl 
Water Sci 2019; 9: 191.  
14. Wang J, Maduako IN. Spatio-temporal urban 
growth dynamics of Lagos Metropolitan 
Region of Nigeria based on Hybrid methods 
for LULC modeling and prediction. Eur J 
Remote Sens 2018; 51(1): 251-65. 
15. Obia AE. Emerging Nigerian Megacities and 
Sustainable Development: Case Study of 
Lagos and Abuja. J Sustain Dev 2016; 9(2): 27-
42. Doi: 10.5539/jsd.v9n2p27. 
16. Yahaya T, Doherty VF, Akinola OS, 
Shamsudeen A. Heavy metal profile and 
microbial counts of selected sachet water 
brands in Birnin Kebbi. Ife J Sci 2019; 21(1): 
229-34.  
17. Brock TD. Membrane Filtration. A User's 
Guide and Reference Manual. XII + 381. J. 
Basic Microbiol 1984; 24 (4): 236-238. 
https://doi.org/10.1002/jobm.19840240405.  
18. Yahaya T, Oladele E, Sifau M, Audu M, Bala 
241 
 




J Adv Environ Health Res (2020) 8: 234-242 
J, Shamsudeen A. Characterization and 
cytogenotoxicity of Birnin Kebbi Central 
Abattoir wastewater. Uniport J Eng Sci Res 
2020; 5(special issue): 63-70. 
19. United States Environmental Protection 
Agency. Exposure factors handbook: 2011 
edition. Washington, D.C, p1436. 
20. Adesiyan IM, Bisi-Johnson M, Aladesanmi 
OT, Okoh AI, Ogunfowokan AO. 
Concentrations and human health risk of heavy 
metals in rivers in southwest Nigeria. J Health 
Pollut 8(19): 180907. 
21. Yahaya TO, Ogundipe OA, Abdulazeez A, 
Usman B, Danjuma J. Bioaccumulation and 
health risk assessment of heavy metals in three 
vegetables consumed in Lagos, south-west 
Nigeria. Trop J Nat Prod Res 2019; 3(11): 332-
338. 
22. Ehi-Eromosele CO, Okiei WO. Heavy metal 
assessment of ground, surface and tap water 
samples in Lagos metropolis using anodic 
stripping voltammetry. Resour Environ 2012; 
2(3): 82-6. 
23. Chika OC, Prince EA. Comparative 
assessment of trace and heavy metals in 
available drinking water from different sources 
in the Centre of Lagos and off Town (Ikorodu 
LGA) of Lagos State, Nigeria. Adv J Chem A 
2020; 3(1): 94-104. 
24. Adelekan BA, Ogunde OA. Quality of water 
from dug wells and the lagoon in Lagos 
Nigeria and associated health risks. Sci Res 
Essays 2012; 7(11): 1195-211. 
25. Genchi G, Carocci A, Lauria G, Sinicropi MS, 
Catalano A. Nickel: Human health and 
environmental toxicology. Int J Environ Res 
Public Health 2020; 17(3): 679.  
26. Sun H, Brocato J, Costa M. Oral chromium 
exposure and toxicity. Curr Environ Health 
Rep 2015; 2(3): 295–303. 
27. Taylor AA, Tsuji JS, Garry MR, McArdle ME, 
Goodfellow Jr. WL, Adams WJ, et al. Critical 
review of exposure and effects: Implications 
for setting regulatory health criteria for 
ingested copper. Environ Manage 2020; 65: 
131–59.  
28. Plum LM, Rink L, Haase H. The essential 
toxin: Impact of zinc on human health. Int J 
Environ Res Public Health 20  10; 7(4): 1342–
65. 
29. World Health Organization. International year 
of freshwater. General assembly resolution 
A/RES/55/196. World Health Organization, 
Geneva, 2003. Available at 
http://www.wateryear2003.org/. (Accessed on 
August 18, 2020). 
30. Adeniyi A, Yusuf K, Okedeyi O, Sowemimo 
M. Classification and Health Risk Assess-ment 
for Borehole Water Contaminated by Metals in 
Selected Households in Southwest Nigeria. J 
Water Resour Prot 2016; 8(4): 459-71. 
31. Ukah B, Egbueri JC, Unigwe C,  Ubido OE. 
Extent of heavy metals pollution and health 
risk assessment of groundwater in a densely 
populated industrial area, Lagos, Nigeria. Int J 
Energy Water Resour 2019; 3(4): 291–303. 
32. Sogbanmu TO, Aitsegame SO, Otubanjo OA, 
Odiyo JO. Drinking water quality and human 
health risk evaluations in rural and urban areas 
of Ibeju-Lekki and Epe local government 
areas, Lagos, Nigeria. Hum Ecol Risk Assess 
2020; 26(4): 1062-75.  
33. Atique Ullah AKM, Maksud MA, Khan SR, 
Lutfa LN, Quraishi SB. Dietary intake of heavy 
metals from eight highly consumed species of 
cultured fish and possible human health risk 
implications in Bangladesh. Toxicol Rep 2017; 
4: 574–9.  
34. Zhang YJ, Li S, Gan RY, Zhou T, Xu DP, Li 
HB. Impacts of gut bacteria on human health 
and diseases. Int J Mol Sci 2015; 16(4): 7493–
519.  
35. Gruber JS, Ercumen A, Colford JM. Coliform 
bacteria as indicators of diarrheal risk in 
household drinking water: Systematic review 
and meta-analysis. PloS one 2014; 9(9): 
e107429.  
36. Egwari L, Aboaba OO. Environmental impact 
on the bacteriological quality of domestic 
water supplies in Lagos, Nigeria. Rev Saúde 
Pública 2002; 36(4): 513-20. 
37. World Health Organization. Guidelines for 
Drinking water- Quality: Incorporating the 
first and second addenda volume1: 
Recommendations. World Health 
Organization, Geneva, Switzerland. 2008.
 
 
242 
